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(57) Abstract 

A method of cleaning or purifying elastomers and elastomeric articles which are intended for medical or pharmaceutical use which 
method comprises firstly performing a solvent extraction process on the elastomer or elastomeric article using a solvent in a non-supercritical 
state to substantially remove impurities therefrom and thereafter subjecting the elastomer or elastomeric article to a further solvent extraction 
step using a supercritical fluid or a mixture of supercritical fluids in order to remove or substantially reduce the concentration of the residue 
of extracting solvent remaining in the elastomer or elastomeric article after the first solvent extraction process. 
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A METHOD OF CLEANING OR PURIFYING ELASTOMERS AND 
ELASTOMERIC ARTICLES WHICH ARE INTENDED FOR MEDICAL OR 

PHARMACEUTICAL USE 

5 This invention relates to a method of cleaning or 

purifying elastomers and elastomeric articles which in 
particular are intended for medical or pharmaceutical 
uses but also for cleaning or purifying elastomers and 
elastomeric articles for any use in which impurities 

10 in the elastomer might cause problems through leaching 
or extraction into the adjacent media. 

Pressurised metered dose inhalers [MDIs] have 
been available over the last thirty years for the 
administration of medicaments or drugs, primarily to 

15 the lungs, for the treatment of asthma and other 

airway diseases* Additionally, they have been used 
for the administration of drugs to the lung for 
systemic absorption, for administration to the oral 
cavity and for administration into the nose. All of 

20 these pressurised inhalers utilise aerosol valves that 
meter individual doses. These metering valves are 
constructed of a mixture of metal and/ or plastic parts 
and elastomeric rubbers. Various types of elastomeric 
rubber are used in these valves and newer types are 

25 being continually developed to ensure compatibility 
with the various aerosol propellants, to provide 
compatibility with and stability of the drug 
formulation and to ensure that the valve continues to 
perform to specification over the several years of 

30 storage required of a pharmaceutical product. One 
consequence of this protracted storage of aerosol 
packs in which the propellants are in intimate contact 
with the metering valve is that materials are leached 
or extracted from the elastomeric rubbers into the 

35 drug formulation. These materials which may be 
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extracted from the elastomeric rubbers are a mixture 
of the chemical ingredients originally used to make 
the rubber and also new chemicals produced during the 
vulcanisation of the rubber. These are undesirable in 
5 the finished rubber component as they may cause 

instability of the formulation and/or degradation of 
the drug substance and therefore loss of potency, or 
they may impart objectionable tastes or odours to the 
product and could in extreme cases cause allergic or 
10 toxic reactions. 

Both the pharmaceutical manufacturers and the 
valve manufacturers have been aware of the above 
problems associated with the use of elastomeric rubber 
compounds and various approaches have been employed to 
15 reduce the extractable chemical materials contained in 
the rubbers. The main approaches have been to 
formulate rubbers that will provide a lower level of 
extractable chemical materials or to pre-extract the 
rubbers before assembly into the metering valve. 
20 Because the final intended use of the product is for 
administration of drugs, the choice of extraction 
solvent which can be used is very limited for safety 
and toxicity reasons as there will remain in the 
rubber after solvent extraction a residue of this 
25 solvent which will be extracted into the propellant 
system. For this reason the most common extraction 
solvent used to pre-extract rubbers is the 
chlorof luorocarbon Trichlorof luoromethane [CCl 3 F] 
which is included as part of the propellant system in 
30 a number of MDIs. Trichlorof luoromethane has a 

boiling point of 23.8°C and is often called Propellant 
11 which is abbreviated to Pll. Due to its boiling 
point the liquid can generally be used at ambient 
temperatures . 

35 This pre-extraction has been carried out by a 
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variety of methods ranging from soaking the rubbers in 
Pll with or without stirring, pumping the Pll through 
a bed of the rubber components to sophisticated 
custom-designed extraction apparatus where the 
5 material extracted from the rubber is continually 
removed and the rubber continually provided with a 
stream of pure Pll. These methods generally take 
several days to achieve extraction although extraction 
is not complete. The processes are intended to reduce 
10 the levels of available extractable chemical materials 
and it is appreciated that they will not be completely 
eliminated ♦ 

More recently the process known as super critical 
fluid extraction, SCF extraction, has been developed 

15 as a general method of extraction for a variety of 
materials either to remove impurities or to isolate 
particularly desired chemical compounds. 

In W093/12161 there is described and claimed a 
method for cleaning elastomer ic articles, in 

20 particular components for MDIs comprising extracting 
phthalates and/or polynuclear aromatic hydrocarbons 
(PAHs) from the articles by contacting the articles 
with a supercritical fluid. However, a disadvantage 
of the use of SCFs is that the choice of SCFs which 

25 can be used is limited by pressure and temperature 
considerations as well as toxicity characteristics 
because residues of the SCF could remain in the rubber 
after SCF treatment. Thus for practical purposes SCF 
extraction is mainly limited to the use of carbon 

30 dioxide (C0 2 ) and probably a small number of other 
chemicals such as nitrous oxide (N 2 0) . 

Likewise, traditional rubber extraction solvents 
have also been limited by toxicity consideration in 
view of the residual solvent remaining in the rubber 

35 after extraction, and for practical purposes the 
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choice has usually been between Pll, ethanol, 
ethanol/water mixture and water and a small number of 
other possibilities. 

However, it would be useful if it were possible 
5 to use other solvents which, although prevented by 
toxicity considerations from use in hitherto known 
rubber extraction procedures may have particularly 
favourable solvent properties for certain of the 
impurities occurring in the rubbers. 

10 According to the present invention there is 

provided a method of cleaning or purifying elastomers 
and elastomeric articles which are intended for 
medical or pharmaceutical use which method comprises 
firstly performing a solvent extraction process on the 

15 elastomer or elastomeric article using a solvent in a 
non-supercritical state to substantially remove 
impurities therefrom and thereafter subjecting the 
elastomer or elastomeric article to a further solvent 
extraction step using a supercritical fluid or a 

20 mixture of supercritical fluids in order to remove or 
substantially reduce the concentration of the residue 
of extracting solvent remaining in the elastomer or 
elastomeric article after the first solvent extraction 
process . 

25 It should be understood that the supercritical 

fluid used in the present invention is not itself 
employed to remove impurities in the elastomer but 
rather to remove or substantially reduce the residue 
of extracting solvent which has been used previously 

30 to remove these impurities. Thus it will be seen that 
the present invention inter alia enables the use for 
the initial extraction of impurities of extracting 
solvents would not meet the appropriate toxicity 
requirements if they left significant residues in the 

35 rubber after treatment, and if these residues were not 
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subsequently removed as in the present invention. 
Thus, for example, in addition to the conventional 
extracting solvents of which examples are referred to 
above, acetone could be used in the method of the 
5 present invention as an extracting solvent in the 
first extraction stage. 

The primary characteristics of the SCFs used in 
the method of the present invention are firstly that 
they should be safe for use with humans, secondly that 

10 they should have a sufficiently low critical 

temperature, ideally less than 100°C, for practical 
considerations, and thirdly they should also be good 
extractants for the solvent or solvents used in the 
first stages of the method but not necessarily for the 

15 original impurities in the rubber which will of course 
have been already substantially extracted by the 
solvent used in the first stage of the method. 

The actual practical procedures and apparatus for 
performing the method of the present invention are 

20 conventional, the first stage of the method being 
substantially as has been practised hitherto in 
conventional extraction-purification procedures for 
elastomers intended for medical and pharmaceutical 
use, whilst the second stage of the method employs 

25 procedures and apparatus which are conventional in the 
handling of supercritical fluid extractions, the 
selection of appropriate conditions, temperatures, 
pressures and timing of treatment being within the 
skill of the art. 

30 Following are three outline examples of the 

method of the present invention. 


35 


Example 1 

An elastomeric rubber component for an MDI is 
extracted by soaking in Pll for 3 days. The Pll is 
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then drained away and the rubber components allowed to 
air dry. The residual and variable amount of Pll 
remaining in the extracted rubber is reduced by SCF 
extraction using Nitrous Oxide for 4 hours. 

5 

Example 2 

Elastomeric rubber components for MDIs are 
extracted using ethanol for 48 hours. After this 
period the liquid ethanol is drained off and more of 
10 the ethanol is removed from the rubbers by air drying 
in situ. Following this the residual ethanol in the 
rubbers is further reduced by SCF extraction using 
Carbon Dioxide at 50°C for 4 hours. 


15 Example 3 

Rubber components for MDIs are extracted by 
reflux with acetone at its boiling point of 56.5°C for 
24 hours. The acetone containing the extractables is 
drained away and the rubber components oven dried at 

20 60°C for 6 hours. Residual acetone in the components 
is removed using SCF extraction with Carbon Dioxide. 
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CLAIMS: 

1. A method of cleaning or purifying elastomers 
and elastomeric articles which are intended for 

5 medical or pharmaceutical use which method comprises 

firstly performing a solvent extraction process on the 
elastomer or elastomeric article using a solvent in a 
non-supercritical state to substantially remove 
impurities therefrom and thereafter subjecting the 

10 elastomer or elastomeric article to a further solvent 
extraction step using a supercritical fluid or a 
mixture of supercritical fluids in order to remove or 
substantially reduce the concentration of the residue 
of extracting solvent remaining in the elastomer or 

15 elastomeric article after the first solvent extraction 
process. 

2. A method as claimed in claim 1 wherein the 
supercritical fluid is carbon dioxide (C0 2 ) . 

20 

3. A method as claimed in claim 1 or claim 2 
wherein the solvent used in the first extraction 
process is one or comprises one which is too toxic to 
be employed in a conventional extraction of impurities 

25 but whose residues are reduced to a level of 

acceptable toxicity by the supercritical fluid 
extraction step of this method, 

4. A method as claimed in claim 3 wherein the 
30 solvent used in the first extraction process is a 

ketone, for example acetone. 

5. A method as claimed in any one of claims 1 
to 3 wherein the solvent used in the first extraction 

35 is an aliphatic alcohol. 
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6. A method as claimed in any one of claims 1 
to 3 wherein the solvent used in the first extraction 
is a partially or fully halogenated alkane. 

5 7. A method as claimed in any one of claims 1 

to 3 wherein the solvent used in the first extraction 
is a polyhydric alkane. 

8. A method of cleaning or purifying elastomers 
10 and elastomeric articles which are intended for 

medical or pharmaceutical use and which have already 
been subjected to a solvent extraction process using a 
solvent in a non-supercritical state to remove 
impurities therefrom, which method comprises removing 
15 or substantially reducing the solvent residue from the 
solvent extraction process remaining in the elastomer 
or elastomeric article by extraction with a 
supercritical fluid or a mixture of supercritical 
fluids. 

20 

9. Use of a supercritical fluid or a mixture of 
supercritical fluids to remove or substantially reduce 
the concentration of the residue of a solvent in an 
elastomer or elastomeric article intended for medical 

25 or pharmaceutical use which solvent has been used in a 
non-supercritical state to extract impurities from 
said elastomer or elastomeric article. 


30 
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